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ABSTRACT
The objective of the current research was to analyze the flow through the air intake 
system of 1.6L Proton Waja engine by adding guide vane. The pressure drop across the 
air intake system is known to have a significant influence on the indicated power of the 
SI engine. The pressure drop along the intake system is proportional to the engine speed 
and cross sectional area. The guide vane is placed in the system to reduce the pressure 
drop across the system. It was found that the guide vane help to reduce pressure drop 
across the air intake system where it increases the capabilities of air induction system to 
suck more air to the engine. The geometry of air intake system of Proton Waja 1.6L 
engine was used in the modeling approach. The study was focused on different engine 
speed. This analysis was done in CFD using a model setup with appropriate speed of the 
Proton Waja 1.6L engine from maximum speed to minimum speed. The CFD results of 
air intake system with the guide vane are validated against the CFD result of real air 
intake system of Proton Waja 1.6L which do not have guide vane. 
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ABSRTAK
Tujuan kertas kajian ini adalah untuk menganalisis sistem penyerapan udara bagi kereta 
Proton Waja 1.6L enjin dengan menambah “guide vane”. Penururan tekanan pada 
sistem “intake” mempinyai signifikan pada kuasa enjin SI. Penururan tekanan sepanjang 
sistem penyerapan udara berkadar langsung dengan kelajuan enjin dan luas permukaan. 
“Guide vane” ditempatkan dalam sistem udara untuk mengurangkan penurunan tekanan 
di seluruh sistem penyerapan udara. Didapati bahawa dengan adanya “guide vane” ia 
membabtu mengurangkan penurunan tekanan di seluruh sistem di mana ia juga secara 
langsung akan meningkatkan kemampuan sistem penyerapan untuk menyerap lebih 
banyak udara ke dalam enjin. Geometri sistem penyerapan udara bagi kereta Proton 
Waja 1.6L enjin telah digunakan dalam pendekatan pemodelan. Penelitian ini  
difokuskan pada kelajuan enjin yang berbeza. Analisis ini delakukan dalam CFD 
dengan mengunakan setum model dengan kelajuan yang sesuai dari kelajuan minimum 
ke kelajuan maksimum. Keputusan CFD sistem penyerapan udara dengan “guide vane” 
diaktifkan terhadap hasil CFD sistem penyerapan udara tanpa “guide vane”.
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1CHAPTER 1
INTRODUCTION
1.1 PROJECT BACKGROUND
An internal combustion engine (ICE) is a heat engine in which the chemical 
energy in a fuel is released through combustion in the engine cylinder. This chemical 
energy will convert into mechanical energy, usually made available on a rotating 
shaft. Chemical energy of the fuel is first converted to thermal energy by means of 
combustion or oxidation with air inside the engine. This thermal energy raises the 
temperature and pressure of the gases within the engine and the high pressure gas 
then expands against the mechanical mechanisms of the engine. This expansion is 
converted by the mechanical linkages of the engine to a rotating crankshaft, which is 
output of the engine (W.W.Pulkrabek , 1993).
The combustion process required oxygen from the ambient through intake 
system during the intake stroke to bond with petrol (carbon and hydrogen). In order 
for the engine to be as efficient as possible it is required for the air to be mixed well 
with the petrol (bond of carbon and hydrogen), a well mixed of oxygen and petrol 
will improve the combustion. However the air motion in intake system will influence 
the combustion process. Understanding of flows and pressure drop through the 
system is essential to optimize the use of petrol (bond of carbon and hydrogen) in the 
combustion cylinder (May, 2003).
The physical aspects of any fluid flow are governed by the three fundamental 
principles that are conservation of mass, Newton’s second law and conservation of 
energy. These fundamental principles can be expressed in terms of mathematical 
2equations, which in their most general form usually partial differential equations.
Computational Fluid Dynamics (CFD) is the art of replacing the governing partial 
differential of fluid flow with numbers and advancing these numbers in space and 
time to obtain the final numerical description of the complete flow field of interest
(J.D.Anderson, 2009). CFD is considered to be the most cost effective solution for 
flow analysis of intake system along the air intake system. This study is only focuses 
on the air motion behavior of the 1.6L engine Proton Waja air intake system and, 
with and without the swirl element placement on the air intake system just after the 
filter box and just before intake manifold by CFD analysis results.
1.2 PROBLEM STATEMENT
For an internal combustion engine (ICE) the most suitable ratio of air to fuel 
is approximately 14.7:1 by mass, that is 14.7kg of air is required to combust with 1kg 
of petrol(100% combustion). If there is too much fuel for the air in the engine’s 
cylinders then there will be a rich mixture. Combustion will not be complete and 
some fuel will remain unburn. This unburned fuel will exhaust into the atmosphere as 
gas and cause pollutions. If the mixture is very rich there will be a black smoke from 
the exhaust. If there is not enough fuel for the air in the cylinders, there will be a lean 
mixture. This could cause hard starting, poor combustion and loss of power (May, 
2003).
Even though the ratio of air to fuel is correct in the engine’s cylinder, not all the 
fuel will burn completely, it’s depend on how well the air and fuel mix up in the 
cylinder. A better mixture will produce good combustion and engine efficiency. So, 
the air flow efficiency of the intake system is actually has a direct impact on the 
engine efficiency (May, 2003).
This study examines the flow in the air intake system and modified the air intake 
system to form a swirl air flow and minimize the pressure drop in the air intake 
system before enter the combustion chamber. All the analysis are carried out and 
proved using computational fluid dynamics (CFD) simulations.
31.3 PROJECT OBJECTIVES
The objectives of this project are: 
i. Study the characteristics of the air flow motion in the existing model of 
Proton Waja 1.6L engine air intake system.
ii. To compare the characteristics of the air flow motion in the new design air 
intake system with guide vane with the existing model of Proton Waja 1.6L 
engine air intake system (without guide vane).
1.4 SCOPES OF STUDY 
The scope of project covered study and analysis about characteristics of air 
flow in the Air Intake System (AIS) and analysis of the change in internal changes 
effect in the AIS. The scope of this project consists of this below:
i. Analysis the pressure drop using engine speed from 1000r.p.m to 6000r.p.m.
ii. Compare with developed guide vane air intake system with without 
developed guide vane air intake system through pressure losses percentage 
difference.
iii. Analyze the effect of developed guide vane through velocity increment.
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LITERATURE REVIEW
2.1 AIR INTAKE SYSTEM
The work of an air filter is to filter the dirt particles from the intake air and 
supply cleaner air to the automobile engine. Air enters the filter through dirty pipe 
and inlet side plenum, which guides the flow uniformly through the filter media. 
Optimum utilization of filter can significantly reduce the cost of filter replacements 
frequently and keep the filter in use for longer time. To optimize intake system and 
filter, thorough understanding of flows and pressure drop through the system is 
essential.
An intake, or especially for car inlet is an air intake for an engine where the 
combustion engine is in essence a powerful air pump like the exhaust system on an 
engine, the intake must be carefully engineered and tuned to provide the greatest 
efficiency and power. Car engines need to breathe freely and easily for best 
performance, just like we do when we're exercising. Since car engines create power 
through combustion, getting enough air is vital. They won't work without it. The 
more air that gets into an engine, the better it will breathe. Also, engines give their 
best performance when the air they receive is cold. The cold air thickens the air/fuel 
mixture the engine burns, which allows the engine to get more energy out of it. An 
ideal intake system should increase the velocity of the air until it travels in to the 
combustion chamber, while minimizing turbulence and restriction of flow (May, 
2003).
52.2 HELIX SHAPE
In mathematics, a helix is a curve in 3-dimentional space. The following 
parameterization in Cartesian coordinates defines a helix:
ݔ(ݐ) = cos(ݐ) (2.1)
ݕ(ݐ) = sin(ݐ) (2.2)
                              ݖ(ݐ) = ݐ      (2.3)
As the parameter t increases, the point (x(t),y(t),z(t)) traces a right-handed 
helix of pitch 2π and radius 1 about the z-axis, in a right-handed coordinate system.
In cylindrical coordinates (r, θ, h), the same helix is parameterized by:
ݎ(ݐ) = 1 (2.4)
ߠ(ݐ) = ݐ (2.5)
ℎ(ݐ) = ݐ (2.6)
A circular helix of radius a and pitch 2πb is described by the following 
parameterization:
ݔ(ݐ) = a cos(ݐ) (2.7)
                                    ݕ(ݐ) = sܽin(ݐ)               (2.8)
     ݖ(ݐ) = ܾݐ                            (2.9)
Another way of mathematically constructing a helix is to plot a complex 
valued exponential function (exi) taking imaginary arguments as shown in Eq. (2.10)
(Euler's formula).
௜݁௫= cos ݔ+ s݅in ݔ (2.10)
6Except for rotations, translations, and changes of scale, all right-handed 
helices are equivalent to the helix defined above. The equivalent left-handed helix 
can be constructed in a number of ways, the simplest being to negate any one of the 
x, y or z components (Bonner, J.T., 1951)  
       
2.3 SWIRLS
Swirling flows occurs in a very wide range of application both in nonreacting 
and reacting system. In nonreacting cases, applications include, for example  cyclone 
separators, spraying systems, jet pumps, and many others. In combustion systems, it 
is applied in various systems such as gas turbines, utility boilers, industrial furnaces, 
internal combustion engines, and many other practical heating devices (N.A. Chigier, 
and A. Chervinsky, 1967). Swirling jets are used as means of controlling flames and 
the benefits of introduction of swirl in flame stabilizer design for industrial burners 
have been recognized. Swirling flows help to increase burning intensity through 
enhance mixing and higher residence time. It also helps in flame stabilization by the 
formation of secondary recirculating flows. Additionally, swirl that occurs in 
practical combustion system normally involves turbulent (T.H. Lin, and S.H. Sohrab, 
1987) . Flame propagation in the turbulent flow fields involves complex flame flow 
interactions. One of the basic interactions of this type is that the rotating gas flow 
crossing the flame front. Knowing the importance of rotating flame as one of the 
basis to understand complex process of flame-flow interactions several investigations 
on rotating Bunsen burner has been performed (G.I. Sivashinski, and S.H. Sohrab, 
1987)( G.I. Sivashinski, Z. Rakib, M. Matalon, and S.H. Sohrab, 1988). The 
influence of centrifugal and Coriolis accelerations on the shape, stability, and 
extinction limits of premixed flames was investigated (T. Kawamura, K. Asato, and 
T. Mazaki, 1980). Among other observations, it was found that flame stabilization by 
the burner rim is possible only at sufficiently low angular velocities. Under rapid 
rotation, the flame flashes back inside the burner tube (A.K. Gupta, D.G. Liley, and 
N. Syred, 1984). The basic influence of the burner rim hydrodynamics on 
stabilization of Bunsen flames has been emphasized in one study. In another 
theoretical investigation the effect of rotation on stabilization and geometry the effect 
of rotation on stabilization and geometry of Bunsen flames that are situated inside 
7rotating tubes was addressed. In the study , it was found that the rotation of the gas 
tends to reduce flame stabilization since flame flashback occurs at higher values of 
the mean flow velocity through the burner (J.M. Beer, N.A. Chigier, and K.B. Lee, 
1963).
2.3.1 Low Swirl
Low swirl phenomena (S < 0.4) typically are those for which the swirl 
velocity does not cause the flow structure to be drastically changed . As shown 
schematically in Figure 2.1, jet flow with this type of swirl often results in significant 
lateral pressure gradients only. Compared to its nonswirling counterpart, the jet 
produced by low degree of swirl is wider and slower. Flames with low degree of 
swirl have a limited practical interest mainly due to the instability problems. But 
similar to any other fundamental research this low swirl phenomenon is undeniably 
important for providing a useful ground in modeling purposes.
Figure 2.1: Jet flow with low degree of swirl (S < 0.4) resulting in significant 
lateral pressure gradients only. Compared to its nonswirling counterpart, the
jet produced is wider and slower .
Source: A.D. Birch, D.R. Brown, M.G. Dodson, and J.R. Thomas, 1987
But there are also cases where low swirl causes change in flow structure, 
meaning it may possess region of recirculation. Recirculation region in low swirl 
application are due to geometrical constraint such as shown in the flow around bluff-
body flame holders, ‘V’ gutter-type flame stabilizers, quarl or divergent nozzle, and 
8sudden expansions of flow cross-sectional area. In this dissertation the emphasis has 
been given to low swirl and no axial recirculation zones. In some low swirl 
application, such as fire whirls, swirl is responsible for the lengthening of the flame, 
as discussed by Gupta et al (A.D. Birch, D.R. Brown, M.G. Dodson, and J.R. 
Thomas, 1987)
2.3.2 High Swirl
At high degree of swirl (S 0.6), radial and axial pressure gradients is large 
enough to cause an axial recirculation in the form of a central toroidal recirculation 
zone (CTRZ), which is not observed at lower degrees of swirl (Y.C. Chao, J.M. Han, 
and M.S. Jeng, 1990).
Figure 2.2: Jet flow of high degree of swirl (S > 0.6) resulting in significant 
lateral as well as longitudinal pressure gradients. Compared to its nonswirling 
counterpart, the jet is much wider, slower and with a central toroidal 
recirculation zone.
Source: A.D. Birch, D.R. Brown, M.G. Dodson, and J.R. Thomas, 1987
Shown schematically in Figure 2.2, jet flow of high degree of swirl often 
results in significant lateral as well as longitudinal pressure gradients. Compared to 
its nonswirling counterpart, the jet is much wider, slower and with a central toroidal 
recirculation zone. In combustion, the presence of the recirculation zone plays 
important role in flame stabilization by providing a hot flow of recirculated 
combustion products and a reduced velocity region where flame speed and flow 
9velocity can be matched. Swirls also act to shorten the flame length and this is 
advantageous for having more compact burner design (Y.C. Chao, J.M. Han, and 
M.S. Jeng, 1990).
2.3.3 Generation of Swirl Flow
Introducing rotation in the stream of fluid can be achieved by the following 
three principal methods: tangential entry of the fluid stream (axial-plus-tangential 
entry swirl generator), guided vanes (moving block or vane-type swirler) or simply 
by direct rotation (rotating tube) (A.D. Birch, D.R. Brown, M.G. Dodson, and J.R. 
Thomas, 1987).
2.3.4 Tangential Entry (Axial-Plus-Tangential Entry Swirl Generetor)
Figure 2.3 shows a (axial-plus-tangential entry) swirl generator that has been 
used for providing uniform stable jets for detailed experimental study. The quantities 
of air can be controlled and metered separately so that simply by adjusting the 
airflow rates the degree of swirl can be varied from that of zero swirl to that of a 
strongly swirling jet with reverse flow. Total pressure requirements of this system are 
relatively high, and commercial burners have tended to adopt the guided vane 
system, where vanes are so positioned that they deflect the flow direction (S C Kale 
and Prof V Ganesan,2005)
